Background: To improve the brachial plexus block (BPB) performance, different compounds have been used as adjuvants to local analgesics. Objectives: The aim of the present study was to investigate the effects of adding DEX to lidocaine on effectiveness of nerve block, and postoperative pain in forearm fracture surgery by supraclavicular BPB undergoing ultrasound-guided. Methods: This was a double-blinded randomized clinical trial conducted on 72 patients with ASA classes I and II, which were candidates for forearm fracture surgery. In group A, patients received 3 mg/kg of lidocaine 2%. In group B, patients received 3 mg/kg of
Background
Local anesthesia is a safe and effective method in different surgeries such as upper extremity surgeries (1) . This approach has several advantages over general anesthesia including lack of pain during operation, decreased postoperative pain and analgesic dose, more hemodynamic stability, and increased patients satisfaction (2) (3) (4) . Supraclavicular brachial plexus block is a common method in forearm surgeries (5) . A single dose of local anesthetic has a limited extend. Therefore, different adjuvants such as opioids are added to improve the quality and length of analgesic effect, however, due to the various side effects of these drugs, such as respiratory suppression, hypoxia and apnea, efforts to find better options continue (6, 7) .
Dexmedetomidine is a new generation of alpha-2 adrenergic receptor agonists with high selectivity that had been approved by the US food and drug administration (FDA) by the end of 1999 for administration as a short-term sedation and analgesia agent in intensive care units (ICUs) (8, 9) . Combining DEX with local anesthetic is an efficient approach to improve the effectiveness of local anesthetic and to decrease their required dosage (10) . Lidocaine is the most common local anesthetic of the amino-amide family with moderate duration of action. Lidocaine is used for local anesthesia, peripheral nerve block, and epidural and spiral anesthesia (11).
Objectives
The objective of the present study was to investigate the effects of adding DEX to lidocaine for improving block effectiveness and decrease pain in patients undergoing ultrasound-guided forearm fracture surgery. In addition, onset of sensory and motor block, duration of sensory and motor block, the first analgesic request time, and total analgesic used during 24 hours as well as hemodynamic parameters and the side effects were evaluated.
Methods
This study was a double blind, randomized, clinical trial that was conducted in the Imam Khomeini and Razi hospitals, Ahvaz, Iran during June to December 2017. All of the study protocols were performed according to the guideline of the ethics committee Jundishapur university of medical sciences, Ahvaz, Iran with reference number: IR.AJUMS.REC.1369.20, and registered as a clinical trial in the Iranian registry of clinical trial (IRCT) (IRCT2017040433210N1). Before the start of the study, researchers clearly explained the objectives and protocols of the study and possible benefits and side effects of the treatments to all participants. Then, all of the patients filled and signed a written consent form on their participation in the study.
Inclusion criteria were patients between 18 and 60 years old for forearm fracture surgery with ASA class I and II. Patients with cardiovascular and liver disorders, sensitivity to study drugs, history of alfa-2 adrenergic, painkiller or opioids before surgery, and need for general anesthesia during surgery were excluded from the study.
The anesthetic technique details and the instruction on the scoring on the pain intensities using visual analogue scale (VAS) were explained to the patients. As a premedication, midazolam (0.03 mg/kg) and fentanyl (3 µg/kg) were given to patients through intravenous injection. The patients were randomly assigned into two groups, A or B, based on randomized permutation blocks with the block size of 4 (using tables related to random permutations). A total number of 72 patients were randomly assigned into groups A and B. Patients in the A group received 3 mg/kg of lidocaine 2% and patients in the B group received 3 mg/kg of lidocaine 2% plus DEX (1 µg/kg) (the injected amount in both groups was 30 ml).
Based on the predefined numbers for mixtures, patients received analgesics and nerve block according to the standard method. A randomized list was prepared by a statistician. To perform supraclavicular blockade, the ultrasound apparatus (EdgeTM Mini-Dock, FUJIFILM Sonosite, WA 98021 USA) was applied to see the brachial plexus at the level between trunks and divisions by anesthesiologist who was not aware of the content of syringes and groupings. A linear array ultrasound transducer was used in the study. After infiltration of the site of needle insertion by local anesthetic, a sterile 45 mm, 22G needle (Sonoplex®, B. Braun, Germany), under ultrasound guidance, was inserted and after reaching the tip of the needle near the subclavian artery around the brachial plexus, the solution was injected and spread of drug was visualized. The continuous aspiration and injection was taken to avoid intravascular injection. The research assistant who was not aware of these aspects, completed the form including sensory and motor block and pain evaluation. The sensory block was evaluated with pin prick test in sensory dermatomes related to the sensory areas of radial, ulnar, median, and musculocutaneous nerves using 3-point scale.
The motor sensory was evaluated using modified Bromage scale. To measure the onset of sensory and motor block, the tests were performed every 5 minutes and the sensory and motor block moment was recorded as the onset of the block. Then, sensory and motor block was recorded every 5 minutes until the first 30 minutes, then every 10 minutes until the next 30 minutes, and finally, every 15 minutes. The end of the motor block was determined with full movement of the limb and the end of sensory block was determined with pain in pin prick test. Also, the interval between the onset of sensory and motor block and the end of the block was recorded as duration of sensory and motor block. After the surgery and transferring the patient to the recovery room, the research questionnaire was completed. The assessment of the duration of sensory and motor block was continued in the recovery room.
Modified Bromage Scale
Score 0: Lack of movement, Score 1: Discrete movements (trembling) of muscle groups, Score 2: Ability to move against gravity, but not against resistance, Score 3: Reduced strength, but able to move against resistance, Score 4: Full muscle strength in relevant muscle groups.
For evaluation of the severity of pain, a visual analog scale (VAS) was used for recording pain to circle the number between 0 and 10 (0: no pain and 10: the worst pain). The VAS was recorded before block, immediately after block, and every 5 minutes until the first 20 minutes and then, every 30 minutes during surgery. If the patient was experiencing pain with VAS higher than 3, 0.3 to 0.5 mg/kg pethidine was injected and if VAS was higher than 2
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5 with unsuccessful block, he or she would be under general anesthesia and was excluded from the study. During surgery, heart rate, systolic and diastolic blood pressure, and oxygen saturation was recorded every 15 minutes. The first analgesic request time and total consumed analgesic during 24 hours were recorded. Patients were monitored for the occurrence of side effects during and after surgery for 24 hours.
The quantitative variables were reported as mean, standard deviation, and qualitative variables as number (percentage). In this study, to investigate gender, Chi-square was used, for quantitative demographic variables, twosample independent t-test was used, and for variables over time, two groups of repeated measures were used. The significance level of these tests was considered smaller than 0.05. Data analysis was performed using SPSS.
Results
A total of 72 patients who were candidates for forearm fracture surgery participated in this study in two equally assigned groups. Five patients in the A group were excluded from the study due to the VAS score higher than 5. Therefore, at the end of the study, 67 patients were monitored, 36 patients in the B (DEX) group and 31 patients in the A (control) group. In the rest of the patients, all blocks were successfully performed. None of patients required immediate intervention such as bradycardia and hypotension.
Comparisons of demographic status between two groups are indicated in Table 1 . No significant difference was observed between research groups (P-value < 0.05).
According to Table 2 , in terms of block characteristics, there was a significant difference between the two groups.
Statistically significant difference was observed between two groups in the VAS pain scores following postsurgery (P < 0.001) (Figure 1) .
Patients hemodynamic parameters (heart rate, oxygen saturation, systolic and diastolic blood pressures) in each group were stable over time and the two groups showed no significant difference in the average variations of this parameters. Patients were controlled for adverse effects. Only two patients in the control group showed dizziness.
Discussion
The results of the study showed that adding 1 µg/kg of DEX to lidocaine significantly decreases the onset of sensory block compared with the control group, which support the findings of previous studies (14) . Mirkheshti et al. (15) , attributed that the difference in result in the onset of sensory block between the two groups may be due to the type of drug. They demonstrated that lidocaine is an analgesic drug with moderate length of analgesic effect compared with other drugs that have long acting effects. The results of the study of Mirkheshti et al. (15) , were in accordance with the finding of the Gandhi et al. (16) , which was used as bupivacaine with DEX.
Memis et al. (17) , employed lidocaine for regional intravenous anesthesia. According to their results, adding DEX to lidocaine significantly decreased the onset of sensory and motor block compared with the control group.
The results of the current study showed that adding of DEX in comparison with the control groups significantly decreased the onset of motor block. These findings were consistent with other investigations (5). However, our findings were in contrary with study of Kaygusuz et al. (18) .
The results of our study showed that DEX significantly increases sensory and motor block duration in local anesthesia. In previous studies, mixture with long-acting drugs compared with moderate-acting drugs showed longer duration; however, variations in dose, route of administration, and localization technique did not show any difference in results and all studies pointed to longer duration of sensory and motor block (19) .
Our results confirmed the findings of Das et al. (20) . They performed a randomized and double-blind study on patient's candidate for forearm surgery performed by supraclavicular BPB method. They used ropivacaine in control groups and DEX with ropivacaine in treatment groups. They showed that the onset of sensory and motor block in the DEX group was shorter than the control group, however, the difference was not significant. The duration of sensory and motor block was significantly longer than the control group (20) .
The first analgesic request time in our study in the DEX groups was significantly longer than the lidocaine groups. Esmaoglu et al. (21) , also performed a randomized double blinded trial on patients who were candidates for forearm surgery and performed axillary BPB. In the control groups and treatment groups levopupivacaine and 100 µg DEX with levopupivacaine was received, respectively. Analgesic request time in DEX groups was significantly longer than the control groups (21) .
This study is consistent with the finding of Lee et al., Esmaoglu et al. and Das et al., which showed that the use of DEX as an adjuvant to local anesthesia decreases analgesic consumption dose (20) (21) (22) .
In the present study, patients' heart rate, oxygen saturation, as well as systolic and diastolic blood pressure were controlled and evaluated. Patients were stable in both groups and no significant difference existed between research groups. In previous studies, blood pressure and heart rate in patients in DEX group were lower than the other groups. Hypotension and bradycardia are two common dose-dependent side effects of DEX. In the current study, the lower dose was used (23, 24) .
Zhang et al. (25) , investigated the effects of adding DEX in two different doses to ropivacaine on the efficacy of axillary BPB in patients who were candidates of forearm surgery. The patients were divided into two groups: the control group (ropivacaine) and treatment groups, which received DEX with different dose of 50 µg and 100 µg with ropivacaine. Reduced onset of sensory and motor block and longer duration of sensory and motor block were related to the dose of DEX. Their study showed that by enhancement dose of DEX, the side effects were increased. Bradycardia was observed in all the patients that received 100 µg DEX, therefore, atropine was administrated to the 9 patient. Moreover, 6 patients and 3 patients showed hypertension and hypotension, respectively. However, in patients who received 50 µg DEX, only 8 patients exhibited bradycardia, 4 patients received atropine, and 2 patients showed hypotension.
Whereas this drug is still not approved as an adjuvant for local anesthetic drugs by valid organizations such as FDA, it is recommended to conduct studies with larger samples to obtain more reliable data.
Since, by enhancement, the dose of drug lead to improve the efficacy block; however, it increases side effects. According to the obtained results, it is suggested to use different doses of DEX with large samples to find the best dose with higher effectiveness and minimum side effects.
Conclusions
The DEX in combination with lidocaine improved the BPB efficacy in terms of shortening the onset of sensory and motor block as well as prolonged the duration of sensory and motor block. Moreover, the first analgesic request time was prolonged and the consumed analgesic decreased, which consequently decreased the intensity of pain.
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